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Introduction
Sensory input from our environment plays an important role 
in how we feel and behave (Turley & Milliman, 2000). 
Although we live in highly diffuse and “vivid” multisensory 
environments, and despite the growing interest from differ-
ent application domains, most studies on human emotional 
responses to environmental characteristics still focus on a 
number of well-defined and restricted sensory aspects of the 
environment (typically under highly controlled conditions). 
As a result, we still lack systematic knowledge about suc-
cessful multisensory interventions that elicit desirable out-
comes (Barrett, Barrett, & Davies, 2013; Gerdes, Wieser, & 
Alpers, 2014; Jain & Bagdare, 2011; Oakes & North, 2008; 
Spence, Puccinelli, Grewal, & Roggeveen, 2014; Turley & 
Milliman, 2000). Environmental characteristics such as 
luminosity of light sources, the nature and level of ambient 
noise and acoustics, the presence of specific odors, color 
hues and shades, and materials and atmospheric factors such 
as temperature and humidity, all generate sensory input, and 
combined contribute to specific reactions in the observer 
(Biggers & Pryer, 1982; Franz, 2006). Research from envi-
ronmental psychology traditionally focused on single char-
acteristics and independent effects of any given sensory 
modality, such as vision, audition, olfaction, or touch 
(Krishna, 2012). However, it is evident from gestalt princi-
ples that the sensory input from the environment is not sim-
ply perceived as the sum of its individual components, but 
rather as a whole (Lin, 2004). Experiments conducted in 
laboratory settings show that there is a broad spectrum of 
non-linear interactions between all sensory modalities 
(Bresciani et al., 2005; Demattè, Sanabria, Sugarman, & 
Spence, 2006; Driver & Noesselt, 2008; Seigneuric, Durand, 
Jiang, Baudouin, & Schaal, 2010; Shimojo & Shams, 2001; 
Small, 2004; Thesen, Vibell, Calvert, & Österbauer, 2004). 
This means that when cues from different sensory modalities 
are integrated, the result is not a simple accumulation of the 
effects generated by each modality separately. Main and 
interaction effects are dynamically intertwined in such a way 
that effects may be multiplied (sensory cooperation), disam-
biguated (one cue helps resolve an ambiguity in a second 
cue), vetoed (a stronger cue is selected over a weaker cue), 
inhibited, or the stimulation may even lead to an emergent or 
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novel effect (such as the McGurk effect, and illusion that 
occurs when the auditory component of one sound is paired 
with the visual component of another sound, leading to the 
perception of a third sound, McGurk & MacDonald, 1976; or 
the illusion that a single flash of light is perceived as multiple 
flashes when it is accompanied by multiple auditory beeps, 
Shams, Kamitani, & Shimojo, 2002; see also de Gelder & 
Bertelson, 2003; Gottfried & Dolan, 2004; Helbig & Ernst, 
2008; Pourtois, de Gelder, Bol, & Crommelinck, 2005).
Furthermore, the impact of sensory input on, for example, 
behavior is not only based on sensory cues but also on the 
social context, personal traits, and mood of the observer. For 
instance, an excited person perceives odors as more intense 
(Chen & Dalton, 2005), has a more limited field of view 
(tunnel vision; Dirkin, 1983), and perceives sounds more 
selectively (Simoens et al., 2007). People on deserted rail-
way platforms feel safer when light intensities are high and 
when stimulating music is played, whereas on crowded plat-
forms the same measures increase stress levels (van Hagen, 
2011). Also, patients treated in a room with white walls 
(compared with green walls) disclose more information and 
have more faith in their practitioner, whereas rooms with 
white walls may increase patients’ stress levels (Dijkstra, 
2009). Hence, interventions that induce a desired effect in 
one environment may have less—or even counterproduc-
tive—effects in another environment. Moreover, the same 
intervention may even have different effects on different 
populations. This makes it difficult to outline sensory inter-
ventions that consistently elicit the desirable emotional or 
behavioral response over changing or differentiated individ-
ual states. Although neurobiological studies have shown that 
emotional signals delivered via different sensory modalities 
interact at multiple processing levels in the brain, influence 
each other, and form holistic percepts, involving a variety of 
brain structures from unisensory cortices to high-level asso-
ciation areas (Klasen, Kreifelts, Chen, Seubert, & Mathiak, 
2014), it is still not clear how multisensory input interacts 
with emotion and behavior.
For this reason, we set out to review the state of the art in 
research on effects of multisensory stimulation and how mul-
tisensory environmental interventions may affect perception 
and behavior. This study focuses on emotional responses, as 
it is assumed that these (whether consciously perceived or 
not) are closely linked to behavioral intentions and cognition 
(Inzlicht, Bartholow, & Hirsh, 2015; Mehrabian & Russell, 
1974). Because there is not much literature on the effects of 
different environmental characteristics on human emotions 
and behavior in naturalistic settings (Barrett et al., 2013; Jain 
& Bagdare, 2011; Oakes & North, 2008; Spence et al., 2014; 
Turley & Milliman, 2000), evidence from laboratory studies 
are included in this overview as well. To enable a categoriza-
tion of the found effects, and thereby make it possible to 
adequately compare, evaluate, and discuss published and 
future studies on this theme, we propose a conceptual frame-
work in the next section.
Conceptual Framework
In relation to the effects of sensory impact on emotional 
state, the literature uses a plethora of terms. To order and link 
the experimental results, we introduce the conceptual frame-
work shown in Figure 1. This framework provides a simpli-
fied description of the levels involved in processing 
(multisensory) stimuli and their link to relevant outcomes, 
being emotion, cognition, behavior, and decision making. It 
is based on the environment–human interaction (or Stimulus–
Organism–Response) model, introduced by Mehrabian and 
Russell (1974) and adjusted by Bitner (1992) and Lin (2004). 
Figure 1. Conceptual multisensory response model.
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In this model, the environmental stimuli (S) first evokes an 
emotional response in individuals (O), which, in turn, poten-
tially elicits either approach or avoidance behavior (R). Two 
influential models have emerged in the literature, both based 
on this SOR paradigm. In the first model, emotions (pleasure 
and arousal) generated by external stimuli have a mediating 
effect on the appraisal (cognitions) and behavior toward the 
perceived environment or product. In the second model, 
which is based on Lazarus cognitive theory of emotions 
(Lazarus, 1991), emotion has a mediating effect on the rela-
tion between appraisal and behavior. Both models have 
received empirical support in the literature (Fiore & Kim, 
2007). We used the first model to describe more closely how 
multisensory environmental stimuli might be processed and 
assessed. Whereas previous studies typically differentiate 
between sensory modalities, our framework is built on two 
different dimensions: assessment perspective and processing 
level.
We distinguish five processing levels from sensing the 
environmental stimuli to higher order behavioral responses 
and decision making. Although a hierarchical order exists to 
some extent, these processing levels also depend on each 
other and exert bidirectional and unidirectional influences 
(Franz, 2005; Meier, Robinson, & Clore, 2004). We distin-
guish two assessment perspectives, related to the object of 
focus that is assessed and responded to: the external perspec-
tive in which individuals only assess and respond to informa-
tion in their environment, and the internal perspective in 
which the internal reaction of the individual to the environ-
mental information is assessed and responded to. We will use 
this dimension to relate the many different experimental 
tasks and associated measurement instrument(s) used in the 
relevant studies of our literature study. For instance, if a per-
son is asked to describe the experience or feeling while doing 
a task, an internally focused assessment and response fol-
lows, for example, “I felt excited, stressed.” If a person is 
explicitly asked to provide an affective evaluation of an 
object or environment, an externally focused assessment and 
response follows, for example, “This object or environment 
is attractive, boring.” Both assessment perspectives tap into 
different processes as we will discuss next.
Lower Order Processes: Senses and Automated 
Processes
The first processing steps of environmental stimuli are done 
through our senses and the primary sensory areas in our 
brain, being automatically and unconsciously, thus without 
conscious intervention or interpretation (so-called lower 
order processes). The primary structures involved being 
lower brainstem networks, diverse limbic structures (e.g., the 
amygdala interacting with the hippocampus), and the basal 
ganglia. In both assessment perspectives, this processing 
level results in the sensation of environmental stimuli. For a 
comprehensive overview of the human sensory anatomy and 
automated processes involved, we refer elsewhere (Blake & 
Sekuler, 2005). In these early processing stages one can, 
however, already distinguish different processing routes, 
which are later linked to the assessment perspective (Brosch 
& Sander, 2013; Pessoa & Adolphs, 2010). One route, that 
goes through the sensory cortices where feature extraction 
and sensory integration take place, serves to guide the exter-
nal focus and performs an assessment of environmental stim-
uli (“external assessment perspective”: Figure 1). At this 
stage and processing level, the subtle interplay of lower order 
and top down processes, steering attention and resource allo-
cation, comes in to play (Bishop, 2008; Pessoa, Kastner, & 
Ungerleider, 2002). This integrative process is supported by 
a secondary route via the limbic structures (prominently 
including the amygdala) that affects arousal level and influ-
ences the internal assessment (“internal assessment perspec-
tive”). Efferent networks incorporating the central nuclei of 
the amygdala and parts of the lateral prefrontal cortex initiate 
behavioral responses through interaction with afferent trajec-
tories (e.g., sensory pathways from the thalamus) running via 
lateral nuclei of the amygdala, which are sensitive to valence 
and mood state. Thus, affecting arousal level is closely asso-
ciated with prioritizing available processing resources, and 
setting “the state of mind” and receptiveness (threshold) of 
the individual for new information (Beck & Clark, 1997). 
This happens in a dynamic and reciprocal way, with a central 
role for the amygdala (see Bishop, 2008, as well).
Higher Order Processes: Perception and Emotion
Accumulating neuroimaging research suggests that affective 
processing involves the interactions of large neural networks 
in complex, recursive multilevel processes (Brosch & 
Sander, 2013; Pessoa & Adolphs, 2010). In addition to the 
automated lower order processes, higher order processes 
(including, for example, previous experiences, information 
stored in memory) are involved through the hippocampus 
and temporal cortical structures to integrate and perceive 
(i.e., make sense of, applying gestalt principles to) the sen-
sory information (O’Callaghan, 2012). The influence of 
higher order processes depends on factors such as attention 
and the processing capacities of the individual at that time. 
This processing level involves conscious as well as uncon-
scious processing. From the external assessment perspective, 
the integration and interpretation of the sensory information 
results in a holistic percept of an object or environment (e.g., 
Barrett et al., 2013), whereas it results in an emotional expe-
rience from the internal assessment perspective. We define 
an emotional experience or emotion as a short-term state that 
is directly related to the environmental stimuli. This state 
(response) is either observed consciously (feeling aroused, 
pleasant in a specific environment) or unconsciously pro-
cessed. The (un)conscious emotional experience is then fur-
ther used as referee for the allocation of processing resources 
and priorities and affects consecutive processing stadia 
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(cognition, behavior, and decision) or modulates arousal 
state (e.g., concentration, attention; Anderson, Siegel, & 
Barrett, 2011; Zadra & Clore, 2011). Thus, from the external 
assessment perspective, an observer may for instance per-
ceive a painting or environment with emotional content, and 
assess it as an emotional scene, but without actually experi-
encing any emotions. From the internal assessment perspec-
tive, an observer may feel arousal and have an emotional 
experience when looking at a scene.
When a high-valenced environmental stimulus is pre-
sented (here “valence” refers to the intrinsic attractiveness—
positive valence—or averseness—negative valence—of a 
stimulus) the difference between the two assessment per-
spectives on this level is as follows. From the external per-
spective, the interpretation of the emotional qualities of the 
stimulus (e.g., a fearful object, sad music, a happy human 
being) results in an emotion perception. The internal assess-
ment, however, can result in an emotional experience that is 
evoked in the observer himself or herself by the percept (e.g., 
“I feel sad, angry”). The separation of these perspectives is 
essential as the perception of emotional qualities is not nec-
essarily accompanied by a consciously perceived or objec-
tively assessable emotional change or (physiological) 
reaction in the observer (Evans & Schubert, 2008; 
Gabrielsson, 2002; Kallinen & Ravaja, 2006; Russell & 
Snodgrass, 1987). Although it was found that for instance 
music-induced experienced emotions and perceived emo-
tions in response to happy and sad music are highly corre-
lated, it is not clear whether this also holds for emotions 
induced by stimuli originating from other sensory domains 
(Konecni, 2008; Scherer, 2004; Zentner, Grandjean, & 
Scherer, 2008).
Cognition
Once the emotional experience or emotion perception 
reaches a conscious stage, higher order processes may be 
involved for cognitive processing. From the external assess-
ment perspective, the primary outcome is an evaluation or 
appraisal of the perceived percept. Depending on the task, 
this appraisal can be emotional (like or dislike of percept) or 
functional (evaluation of the characteristics of a percept such 
as strength, size). We will use the term affective appraisal 
(Russell & Lanius, 1984; Russell & Snodgrass, 1987) to 
refer to emotional appraisals, to make a clear distinction with 
the emotional response in the internal assessment perspec-
tive. Affective appraisals are the attributed emotional or 
affective qualities, or cognitions about possible object- or 
place-elicited holistic percepts (Russell & Snodgrass, 1987).
From the internal assessment perspective, the cognitive 
processing of emotions may result in conscious feelings or 
behavioral intentions, for example, desire to stay, intention 
to revisit (also defined as action readiness; Frijda, Kuipers, & 
Ter Schure, 1989). Whereas emotional experiences are short 
term and often unconscious, we regard feelings or intentions 
as conscious and linked to a specific environment. When 
feelings or intentions become a long-term conscious experi-
ence, possibly triggered by environmental stimuli, but actu-
ally more free-floating (i.e., not linked to a specific 
environment), we regard the response as mood (Frijda, 
1993). From a neurobiological perspective this cognitive 
processing is guided by extensive networks involving orbito- 
and medial prefrontal structures (external assessment per-
spective) that intensively interact with the already activated 
networks involving diverse parts of the limbic system (inter-
nal assessment perspective, primarily mediated by the hip-
pocampus and the central amygdaloidal structures; Barbas & 
Zikopoulos, 2006; Bishop, 2008).
Behavior and Decision Making
Emotion and feelings play a central role in the next two pro-
cessing levels: behavior and decision making (e.g., Damasio, 
1994; Frijda, 1986; Frijda et al., 1989; Lerner, Li, Valdesolo, 
& Kassam, 2015; Zeelenberg, Nelissen, Breugelmans, & 
Pieters, 2008). The most widely accepted theory posits that 
emotion directly causes behavior and that its function is to 
lead the organism to behave in such a way as to deal with the 
emotional event (e.g., Cosmides & Tooby, 2000; Frijda, 
1986). The competing theory (Baumeister, Vohs, Nathan 
DeWall, & Liqing, 2007) based on a dual-process model dis-
tinguishing between “automatic affect”—simple, fast, and 
often not conscious—and “conscious emotion”—a more 
complex phenomenon entailing the awareness of subjective 
experience—argues that only the former shapes behavior 
directly, whereas emotion affects behavior indirectly, as a 
feedback system. According to this perspective, conscious 
emotion influences cognitive processes, which in turn affect 
decision making and behavior regulation (Matarazzo & 
Baldassarre, 2015). The processing levels behavior and deci-
sion making, therefore, follow the cognition level in our 
framework, hence a direct link is assumed with the percep-
tion and emotion level (“automatic affect”).
From the external assessment perspective, this direct link 
to (emotion) perceptions may result in automated highly 
trained reflexive behavior (such as breaking for a red traffic 
light). Although these types of behavior do involve higher 
order information (you need to know what a red traffic light 
means), they do not necessarily involve conscious process-
ing: With routine, and over time, such conditioned responses 
need less and less externally focused (conscious) attention. 
This is highly beneficial because it means fewer cognitive 
resources are needed to “do the job.” If cognitive resources 
are needed to do the job (the route via cognition), more delib-
erate (externally motivated) behavior is the response. Next to 
behavior, in the decision-making process level, appraisals 
may trigger executive functions from the external assess-
ment perspective. These functions manage cognitive pro-
cesses such as working memory, reasoning, and planning 
(Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004). 
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As an effect, the appraisal and external criteria may be evalu-
ated and a (rational) choice may be the result.
From the internal perspective, emotions may elicit rapid 
and automated behaviors that can only be acted or reacted 
(when the initial response appears inaccurate) upon and are 
hard to prevent. This is, for example, reflected in (un)con-
scious approach or avoidance behaviors (direct link). The 
route via cognition results in a more deliberate approach or 
avoidance behaviors influenced by anticipated emotion 
(DeWall, Baumeister, Chester, & Bushman, 2015). 
Emotions and feelings also constitute potent, pervasive, 
predictable, sometimes harmful, and sometimes beneficial 
drivers of decision making. The underlying mechanisms in 
which important regularities appear, are described by 
Lerner et al. (2015). Judgments and choice are considered 
as response in this processing level from the internal 
perspective.
We introduce this framework for two purposes. The first 
is to structure and interpret experimental results reported in 
the literature. In the literature, many different experimental 
manipulations and measurement instruments are used and 
this makes the use of some kind of structure imperative to 
identify key processes. Consequently, we think a frame-
work is indispensable to link these heterogeneous data and 
to infer generalizable conclusions. The second is to lay the 
foundation for a structural and potentially computational 
and predictive model of the effects of multisensory envi-
ronmental stimuli on, for instance, emotions or behavior. 
Important questions in this context include the following: Is 
the sequence of processing levels fixed? Can processing 
levels be skipped? Are there mediating factors between pro-
cessing levels and how do these work? Is there cross-talk 
between both assessment perspectives, and if so, at what 
level?
We should emphasize that we only investigated the 
effects of multisensory stimuli on emotional responses up to 
cognition (Figure 1). The effects on behavior and decision 
making are out of the scope of this research, as behavior and 
decision making are strongly influenced by emotional 
responses (DeWall et al., 2015; Lerner et al., 2015). 
Therefore, we consider understanding the effect of multi-
sensory stimuli on emotions as an essential first step in pro-
viding insight into effective environmental interventions.
Literature Study
The aim of the literature study was to investigate the emo-
tional effects of multisensory stimulation by ambient envi-
ronmental features (e.g., lighting, color, sound, scent; Bitner, 
1992) and how interventions in the environment can manipu-
late emotional responses. Electronic searches were carried 
out using the databases ScienceDirect, PubMed, PsycINFO, 
and Google Scholar. Search terms used were combinations 
of terms from the categories described in Table 1.
Furthermore, related articles were searched based on cited 
references in articles found relevant. The taste sense was 
excluded as it is difficult to manipulate emotions through 
environmental interventions via this modality. The search 
was conducted between May 2012 and August 2015. 
Included in this review are studies that were performed in the 
period between 1974 and 2015 and that
 i. deployed interventions involving environmental 
stimuli that concurrently stimulate two or more 
senses, or multiple cues presented in consecution 
(priming);
 ii. investigated interaction effects or relative effects of 
multisensory cues; and
 iii. investigated the effect of sensory cues on at least one 
emotional response.
We stress that this study is about multisensory stimulation 
and its emotional effects. The study of van Rompay, Tanja-
Dijkstra, Verhoeven, and van Es (2012), for example, that 
only manipulated visual (unisensory) stimuli (i.e., color and 
layout) was for this reason excluded. Furthermore, an object 
itself may not be multimodal, but the appraisal of the object 
in its environment can be multimodal, for instance, when 
ambient scent and a product visual is manipulated. In that 
case, the study fits the inclusion criteria.
Arousal, experienced emotions, feelings, mood, and 
affective appraisals were considered emotional responses. 
The appraisal of qualitative characteristics of products or 
cues such as functionality, sharpness, or loudness was not 
considered as an emotional outcome. Furthermore, concern-
ing the perception and emotion processing level of the frame-
work, this study focused on experienced emotion (internal 
Table 1. Literature Search Terms.
Multisensory stimulation Emotional response Type of research
Environment Emotion Interaction
Environmental stimuli Affect Intervention
Senses Mood Experiment
Multisensory Feeling  
Cross-modal Attitude  
Multimodal
Olfaction and/or touch and/or vision and/or audition
Anxiety and/or sadness, happiness and/or fear and/or disgust 
and/or surprise and/or stress and/or pleasure, and or/arousal
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perspective) rather than emotion perception (external per-
spective). As a result, as Table 1 shows, “emotion percep-
tion” was not a specific search term. However, emotion 
perception articles that were found while searching for stud-
ies on emotional responses were included to provide insights 
into this processing level and how it interacts with other lev-
els. Moderators such as personal traits, social context, and 
emotional state were considered in the context of found evi-
dence, but were not subject of analysis on their own. The 
search query resulted in an unknown number of hits (not 
documented) of which 166 met our inclusion criteria. Of 
these 166, 83 papers were selected based on the abstract, 
whereas full text screening finally resulted in 70 relevant 
papers.
Results From Multisensory Studies
Table 2 presents the results of our literature review structured 
according to the conceptual framework presented in Figure 
1. First, we present papers that approach effects of multisen-
sory stimuli on processing levels from the external assess-
ment perspective. Subsequently, the results from the internal 
assessment perspective are presented. Within our framework, 
we work from sensation upward in the processing chain. 
Papers that used physiological measures to assess arousal are 
included in the “arousal” category. Papers that only mea-
sured arousal with self-reports are included in the emotion 
and perception level. Papers that cover multiple processing 
levels are presented in the processing level covering the main 
output variable, but links are discussed. Papers that include 
output measures from both assessment perspectives are also 
presented in the dominant assessment perspective. Although 
the review focuses on the effect of multisensory stimuli on 
emotional responses, we also present some additional evi-
dence on effects in other processing levels to be able to link 
and better interpret the results.
External Assessment Perspective
Multisensory integration and (emotion) perception. There is a 
growing body of laboratory studies investigating multisen-
sory integration and the effect of multisensory stimulation on 
human perception. The brain integrates multisensory stimuli 
from the environment to reduce perceptual ambiguity, 
improve perceptual performance, judge more precisely, and 
enhance the detection of stimuli (Helbig & Ernst, 2008; Lal-
anne & Lorenceau, 2004; Philippi, van Erp, & Werkhoven, 
2008). In this process, reciprocal relations exist between our 
senses. This indicates for instance that vision can influence 
what we hear, touch, and smell, and vice versa. This means 
that in a multisensory environment, basically each sensory 
modality is able to affect the observation in another modality 
(Bresciani et al., 2005; Seigneuric et al., 2010; Shimojo & 
Shams, 2001; Thesen et al., 2004). As noted before, effects 
of sensory cues may be multiplied, disambiguated, vetoed, 
inhibited, or the stimulation may even lead to an emergent or 
novel effect (de Gelder & Bertelson, 2003; Gottfried & 
Dolan, 2004; Helbig & Ernst, 2008; Pourtois et al., 2005).
Research shows that congruent and incongruent cross-
modal conditions elicit different cortical activations 
(Belardinelli et al., 2004; Calvert & Thesen, 2004; Chen, 
Yeh, & Spence, 2011; Doehrmann & Naumer, 2008; Driver 
& Noesselt, 2008; Gottfried & Dolan, 2004; O’Callaghan, 
2012; Senkowski, Schneider, Foxe, & Engel, 2008; 
Thurlings, van Erp, Brouwer, Blankertz, & Werkhoven, 
2012). Congruent stimuli (temporal, spatial, or semantic/
associative) enhance activation in brain regions mediating 
stable object representations, whereas incongruent stimuli 
increase activation in regions involved in cognitive control 
(Watson et al., 2013). As a result, congruency between stim-
uli from different modalities facilitates perception, whereas 
incongruency evokes surprise and stimulates explorative 
behavior (link to internal assessment; Ludden, Schifferstein, 
& Hekkert, 2009). Furthermore, it is proposed that depend-
ing on the task, the integrated percept is not simply domi-
nated by either one or the other sensory modality. Rather, 
cues from every modality are integrated or combined such 
that the most reliable percept is generated to accomplish the 
task (Helbig & Ernst, 2008; Lalanne & Lorenceau, 2004; Ma 
& Pouget, 2008). Therefore, the context has a considerable 
influence on how stimuli are perceived.
The perception of cues with emotional content also received 
increasing attention. As emotion processing is significant to 
survival (Cannon, 1932), it is experienced more intensely than 
non-emotional processing as a result of increased arousal acti-
vated via the amygdala (Spreckelmeyer, Kutas, Urbach, 
Altenmüller, & Münte, 2006). Here, there appears to be a link 
to the internal assessment perspective. Like non-emotional 
human perception, emotion perception is also enhanced when 
emotional information from different modalities is congruent 
(de Gelder, Morris, & Dolan, 2005; Spreckelmeyer et al., 
2006). However, irrespective of the valence congruency 
between the emotional content from different modalities, the 
amygdala is activated when the content is sufficiently arous-
ing. Interestingly, the activation of the amygdala is attenuated 
as soon as one sensory channel carries neutral but meaningful 
information, next to emotional content carried by another 
channel (Müller et al., 2011; Müller, Cieslik, Turetsky, & 
Eickhoff, 2012). This suggests a change in set point for any 
additional stimulation from other sensory modalities.
Also, emotional information from one modality can auto-
matically and unconsciously influence emotion processing in 
another, especially when affective information in one modal-
ity is ambiguous or undefined (Müller et al., 2012; Müller 
et al., 2011; Rigoulot & Pell, 2012; Seubert et al., 2010). 
From that perspective, it is not surprising that the multisen-
sory percept is often influenced in an emotional congruent 
fashion (Boltz, Ebendorf, & Field, 2009; Ebendorf, 2007; 
Jeong et al., 2011). For instance, sad (happy) faces are per-
ceived sadder (happier) in combination with music that 
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evokes a sad (happy) emotion. Remarkably, even uncon-
sciously recognized facial expressions (presented to blind 
field of participants) seem to modulate fear recognition in the 
voice (de Gelder, Pourtois, & Weiskrantz, 2002). The effect 
was not found for emotional pictures, suggesting a more inde-
pendent and lower order processing of facial expressions.
Table 2. Overview of Literature per Processing Level and Assessment Perspective.
Assessment perspective
Processing level
Senses and automated processes 
(lower order, unconscious)
Perception and emotion (lower 
order, higher order, conscious, 
and unconscious)
Cognition (lower order, higher 
order, conscious)
Internal perspective Baumgartner, Esslen, & Jäncke, 
2006
Baumgartner, Lutz, Schmidt, & 
Jäncke, 2006
Ebendorf, 2007
Eldar, Ganor, Admon, Bleich, & 
Hendler, 2007
Schuurink, Houtkamp, & Toet, 
2008
Spreckelmeyer, Kutas, Urbach, 
Altenmüller, & Münte, 2006
Baumgartner, Esslen, & Jäncke, 
2006
Baumgartner, Lutz, et al., 2006
Bolivar, Cohen, & Fentress, 1994
Cohen, 1993
Cottet, Plichon, & Lichtle, 2007
Eldar et al., 2007
Fenko & Loock, 2014
Gabrielsson, 2002
Geringer, Cassidy, & Byo, 1996
Lin, 2010
Liu & Jang, 2009
Marin, Gingras, & Bhattacharya, 
2012
Mattila & Wirtz, 2001
Michon & Chebat, 2004
Michon, Chebat, & Turley, 2005
Oakes, 2003
Poon & Grohmann, 2014
Ryu & Jang, 2007
Ryu & Jang, 2008
Schifferstein & Tanudjaja, 2004
Schuurink et al., 2008
Spangenberg, Grohmann, & 
Sprott, 2005
Tajadura-Jiménez, Larsson, 
Väljamäe, Västfjäll, & Kleiner, 
2010
Vines, Krumhansl, Wanderley, 
Dalca, & Levitin, 2011
Vines, Krumhansl, Wanderley, & 
Levitin, 2006
Cottet et al., 2007
Fiore, Yah, & Yoh, 2000
Liu & Jang, 2009
Ludden, Schifferstein, & Hekkert, 
2009
Mattila & Wirtz, 2001
Mitchell, Kahn, & Knasko, 1995
Morrin & Chebat, 2005
Morrison, Gan, Dubelaar, & 
Oppewal, 2011
Ryu & Jang, 2007
Ryu & Jang, 2008
Spangenberg et al., 2005
Wakefield & Baker, 1998
External perspective Bresciani et al., 2005
Calvert & Thesen, 2004
Chen, Yeh, & Spence, 2011
de Gelder & Bertelson, 2003
Doehrmann & Naumer, 2008
Geringer, Cassidy, & Byo, 1997
Gottfried & Dolan, 2004
Ma & Pouget, 2008
O’Callaghan, 2012
Philippi, van Erp, & Werkhoven, 
2008
Seigneuric, Durand, Jiang, 
Baudouin, & Schaal, 2010
Senkowski, Schneider, Foxe, & 
Engel, 2008
Shimojo & Shams, 2001
Thurlings, van Erp, Brouwer, 
Blankertz, & Werkhoven, 2012
Boltz, Ebendorf, & Field, 2009
Jeong et al., 2011
de Gelder, Morris, & Dolan, 2005
Driver & Noesselt, 2008
Henson & Lillford, 2010
Müller et al., 2011
Müller, Cieslik, Turetsky, & 
Eickhoff, 2012
Pourtois, de Gelder, Bol, & 
Crommelinck, 2005
Rigoulot & Pell, 2012
Scherer & Larsen, 2011
Seubert et al., 2010
Spreckelmeyer et al., 2006
Balaji, Raghavan, & Jha, 2011
Bosmans, 2006
Carles, Barrio, & de Lucio, 1999
Eroglu, Machleit, & Chebat, 2005
Konecni, 2008
Kuwano, Namba, Komatsu, Kato, 
& Hayashi, 2001
Michon & Chebat, 2004
Michon et al., 2005
Morinaga, Aono, Kuwano, & 
Kato, 2003
Russell, 2002
Schuurink et al., 2008
Spangenberg, Sprott, Grohmann, 
& Tracy, 2006
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In addition, negative items are more likely than positive 
items to bias a multisensory percept (Scherer & Larsen, 
2011; Spreckelmeyer et al., 2006). It is suggested that fearful 
multisensory stimuli integrate more rapidly and automati-
cally as they are regarded to be of more relevance to immedi-
ate survival than happy stimuli (de Gelder et al., 2005; 
Pourtois et al., 2005). Brain research shows that multisen-
sory integration of positive versus negative emotional cues 
uses different neuro-anatomical substrates: Convergence 
areas for happy stimuli pairings are mainly situated anteri-
orly in the left hemisphere, whereas fear pairings are situated 
anteriorly in the right hemisphere (Pourtois et al., 2005). 
Phan, Wager, Taylor, and Liberzon (2002) also found differ-
ent brain regions involved in processing of different emo-
tions. For instance, fear specifically engages the amygdala, 
and sadness is associated with activity in the subcallosal 
cingulate.
To summarize, how multisensory stimuli in the environ-
ment are integrated and perceived depends on an individual’s 
context and task. Perception is facilitated when multisensory 
stimuli are congruent and when emotional content is pre-
sented. Incongruent stimuli recruit lower order processes 
(arousal), possibly because they signal potential conflicts 
that require cognitive control. Perception is biased by stimu-
lus valence and more easily affected by negative stimuli.
Affective appraisal. Research on the multisensory effects on 
affective appraisals of the environment has been done in the 
audio–visual, audio–olfaction, and tactile–olfaction/visual 
domain. Audio–visual research shows that congruent stimuli 
increase positive appraisal and that incongruent stimuli neg-
atively influence the appraisal of the environment or product. 
For instance, congruence between sound and images influ-
ences preferences (Carles, Barrio, & de Lucio, 1999). Coher-
ent combinations were rated higher than the mean of the 
component stimuli. Russell (2002) manipulated the plot of a 
commercial in a way the message was transferred either 
explicitly or more implicitly in vision and audio. It was found 
that the congruent commercial (either explicit or implicit in 
both modalities) was more persuasive (increased positive 
attitude toward product). The incongruent commercial was 
better remembered but induced negative feelings toward the 
product. They suggested that incongruent presentation feels 
unpleasant and requires more cognitive effort. In addition, 
adding visual dynamics to a virtual weather setting involving 
only sounds marginally increased the positive evaluation of 
the virtual environment, but did not affect experienced plea-
sure or arousal measured by self-reports or physiological 
measures (explicitly no link to internal assessment; 
Schuurink, Houtkamp, & Toet, 2008). Interestingly, when 
auditory effects were not corroborated visually, an incongru-
ency effect was found resulting in a negative effect on the 
appreciation of the environment.
Furthermore, in the audio–visual context, visual cues 
seem to have more weight in the integrated appraisals than 
audio cues, when presented together. For instance, in a set-
ting where participants had to rate the pleasantness of the 
environment (nature vs. traffic) presented as an image, an 
audio track, or both, it appeared that a scenery with green 
plants improved the environment rating even if shown as 
image only (Kuwano, Namba, Komatsu, Kato, & Hayashi, 
2001). Scenes with cars gave negative impressions. Visual 
masking by green plants seemed effective in reducing nega-
tive impression of road traffic noise (Kuwano et al., 2001). 
Morinaga, Aono, Kuwano, and Kato (2003) also found that 
perceived pleasantness of a virtual water space is more influ-
enced by visual than auditory information, especially when 
audio and visual cues are perceived more differently (more 
ambiguous).
In the audio–olfaction domain, the congruency effect on 
affective appraisal was also found. Michon and Chebat 
(2004) studied the interaction between music and scents on 
the affective appraisal of a shopping mall environment, prod-
uct quality, and emotion, measured by questionnaires. Mall 
perceptions improved when the arousing qualities of the 
stimuli were congruent. This occurred when fast arousing 
music was played in combination with a positive arousing 
scent (citrus) as opposed to no scent, or when slow arousing 
music was combined with the arousing odor (incongruent 
condition). There was no interaction effect between music 
and scent on shopper’s emotion. However, they did find a 
main effect of slow music on emotion (suggesting a clear 
link with internal assessment) but not on shopping mall per-
ception. They suggested that slow music fails to stimulate 
cognitive processes and as a result, fails to directly affect the 
appraisal of the mall environment. They also found a moder-
ating effect of emotions on mall perception (link to internal 
assessment).
Mixed support for the congruency effects was found in 
the olfaction–visual domain. Studies in the marketing and 
business domain (e.g., Spangenberg, Sprott, Grohmann, & 
Tracy, 2006) report that when the perceived gender of a scent 
is congruent with the perceived gender of product offerings, 
the store, its merchandise, and actual sales are more posi-
tively evaluated. Michon, Chebat, and Turley (2005) how-
ever found that store environment appraisals are positively 
affected when environmental stimuli are mildly incongruent. 
They investigated effects on the affective appraisal of a shop-
ping environment when scent and mall density were varied. 
They found that positive scents (lavender, citrus) have an 
effect on mall perception and marginally on emotion (link to 
internal assessment) that depends on mall density: no effects 
in low density, a positive effect in medium density, and a 
negative effect in high density settings. It was argued by 
Michon et al. (2005) that a moderately incongruent condition 
(positive scent vs. moderate mall density) increases arousal 
(but not to an uncomfortable degree; link to internal assess-
ment) leading to a more favorable evaluation of the environ-
ment. According to the authors, this may also explain the 
negative effect in the high density condition (highly 
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incongruent and therefore uncomfortable). However, it is not 
evident why ambient scent would not positively moderate 
shoppers’ perceptions and emotions in the low density (con-
gruent) condition. Finally, Bosmans (2006) found that pleas-
ant non-salient ambient scents enhance product evaluation 
irrespective of their congruency, whereas salient pleasant 
scents only enhance product evaluation when they are 
congruent.
In the tactile–olfaction/visual domain, mixed results were 
also found for the congruency effect. Krishna, Elder, and 
Caldara (2010) found that semantic congruence between smell 
and touch significantly enhances haptic appraisals. Touching a 
smooth paper (feminine) combined with smelling a feminine 
scent, led to significantly more positive (in a hedonic sense) 
haptic appraisals than touching the same paper combined with 
a masculine smell. The same was true for touching a rough 
paper (masculine) in combination with the masculine smell. In 
addition, in the multisensory setting in which participants 
could feel and see tissues, more positive attitudes toward the 
product, greater purchase intentions (a clear link to internal 
assessment), attitude certainty, and importance were reported 
than in the touch-only or vision-only condition (Balaji, 
Raghavan, & Jha, 2011). They also found that touch appears 
dominant over vision in the haptic appraisal of paper tissues. 
Henson and Lillford (2010) found that dominance of a sense is 
task dependent: Vision is dominant for “warm” evaluations of 
textures, whereas touch is dominant for “rough” evaluations. 
Furthermore, unlike Balaji et al. (2011), no interaction effect 
was found on the appraisal (simple, rough, warm, like, ele-
gant) of the textures that were seen and/or touched (Henson & 
Lillford, 2010). The response to multisensory stimuli appeared 
to simply be a weighted average of the response to individual 
sensory modalities except for the “natural” evaluations. For 
natural evaluations, significant interactions between vision 
and touch were found. Interestingly, although touch provided 
the clearest cue to distinguish between “natural” and “unnatu-
ral” evaluations of the textures, a clear tactile cue did not veto 
an ambiguous visual cue. Henson and Lillford (2010) argued 
that appraisals of naturalness were violated because the visual 
and tactile textures were incongruent (clear tactile cue and 
ambiguous visual cue).
To summarize, affective appraisals seem positively 
affected by congruent stimuli from different modalities, and 
negatively affected by incongruent stimuli. However, in the 
tactile–vision and vision–olfaction domains, this effect does 
not always occur, and it may also depend on stimulus salience 
and level of arousal induced by incongruent stimuli. In 
audio–visual settings, vision seems dominant. In the vision–
tactile domain, the dominant sense seems to depend on the 
evaluation task.
Internal Assessment Perspective
Arousal and emotional experience. Studies that include mea-
sures of arousal and emotion when investigating emotional 
responses to multisensory stimuli are generally found in the 
audio–visual domain. Several studies indicate that congruent 
multisensory stimuli amplify emotions. Brain studies 
(Baumgartner, Esslen, & Jäncke, 2006; Baumgartner, Lutz, 
Schmidt, & Jäncke, 2006; Jeong et al., 2011) all show that 
pairing of pictures and music conveying the same emotion 
appears to amplify the experience of the viewer (measured 
by electroencephalography [EEG] or functional magnetic 
resonance imaging [fMRI]). Marin, Gingras, and Bhattacha-
rya (2012) more closely reviewed the amplification effect of 
these congruent pairings, and concluded that these effects do 
not hold for every emotion category. For example, induced 
fear in the combined condition did not significantly vary 
from the picture-only condition. The same is true for the 
emotion perception equivalent (external assessment perspec-
tive): The valence of congruent pairings involving either 
happy or neutral visual and auditory stimuli was indeed more 
strongly perceived, but this effect did not hold for sad pair-
ings (Spreckelmeyer et al., 2006). In a laboratory setting in 
which participants could see and/or listen to a musician per-
forming in an exaggerated, inhibited, or standardized way 
(using bodily and facial expressions to convey emotions), 
Vines, Krumhansl, Wanderley, Dalca, and Levitin (2011) 
found that perceived happiness ratings for the music perfor-
mance with enhanced bodily expression were significantly 
higher in the combined condition compared with audio only. 
Remarkably, the effect was not found for negatively valenced 
performances. Geringer, Cassidy, and Byo (1996, 1997) also 
found an additive effect of multisensory stimulation. They 
found that relative to the music-alone condition, some audio–
visual formats (in which music was accompanied by videos 
of cinematic scenes) evoke greater emotional involvement 
than primarily attributed to a composition’s tempo, instru-
mentation, and dynamics.
Other studies investigated the contribution of an individ-
ual modality to emotional experience in a multisensory set-
ting. These studies show that audio and vision can both be 
dominant depending on the context. For instance, Ellis and 
Simons (2005) manipulated arousal and valence qualities of 
films and accompanying music, and measured the emotional 
response by self-reports and through physiological measures. 
They found that imagery is more dominant in eliciting emo-
tions than music when simultaneously perceived. 
Furthermore, an additive relationship was found when music 
and film were presented together. Positive music elicited 
higher valence ratings for both positive and negative films. 
The same relation was found for the effect of highly arousing 
music on low and high arousing films. This additive relation-
ship received mixed support in physiological data. The inter-
action effect of music valence and arousal was only found in 
heart rate and skin conductance, respectively, when film con-
tent was positive. They suggested (in accordance with Cohen, 
1993, and Bolivar, Cohen, & Fentress, 1994) that music is 
unable to influence the valence and arousal of highly arous-
ing or negative visual stimuli. Hence, these studies indicate 
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that, although audio is able to interact with the response to a 
visual cue, vision is typically more dominant in eliciting 
emotions than auditory input.
Contrary to these results, Vines, Krumhansl, Wanderley, 
and Levitin (2006) and Vines et al. (2011) found that audio is 
the dominant sense in eliciting emotions. Visual information 
could both enhance and dampen the emotional response 
evoked by listening to music depending on how coherent the 
emotion was experienced by both modalities (Vines et al., 
2006). However, the authors concluded that a sensory modal-
ity’s contribution to an experience is task dependent, because 
vision could be more dominant in other tasks (e.g., a continu-
ous judgment of “amount of movement”). This is supported by 
studies of Baumgartner, Lutz, et al. (2006) and Baumgartner, 
Esslen, and Jäncke (2006) in which emotional pictures were 
paired with emotional music. They showed that perceived 
accuracy of emotional judgment was stronger in the picture-
only compared with the music-only condition, but participants 
reported an increase in emotional involvement in the com-
bined and music-only relative to the picture-only condition. 
The combined condition showed the greatest activation in a 
distributed neuronal network for emotion and arousal process-
ing (measured by EEG, and psychophysiological and psycho-
metrical measures). They suggested that emotional pictures 
evoke a more cognitive mode of emotion perception, whereas 
congruent presentations of emotional visual and musical stim-
uli rather automatically evoke strong emotional experiences. It 
also suggests, however, a stronger contribution of musical 
stimuli relative to visual stimuli to emotional involvement.
Marin et al. (2012) investigated whether the valence and 
arousal of music primes (auditory primes consisting of musi-
cal excerpts) presented prior to a visual target, instead of 
concurrently, could influence the emotional response (self-
reported ratings) to emotional visual targets. They found that 
only arousal induced by music primes modulates arousal in 
response to visual targets, but no such transfer is observed 
for pleasantness. It was suggested that the influence of pleas-
ant music on visually induced pleasantness is larger in simul-
taneously presented stimuli than in consecutive presentation. 
The effect of arousal, however, appears relatively robust for 
both cross-modal presentation methods.
Eldar, Ganor, Admon, Bleich, and Hendler (2007) investi-
gated the role of content or meaning on audio–visual interac-
tion. They investigated the effect of adding emotional music 
poor in concrete content (i.e., containing no meaningful 
information about the real world) to an emotionally neutral 
film rich in concrete content. They found that the emotional 
response (observed through fMRI) was stronger in response 
to the combination of negative music and neutral film clips 
compared with the same clips presented separately, despite 
their incongruency. Interestingly, when the emotional music 
was presented without a film, no such emotional activation 
was found. These findings strongly suggest that the brain 
exerts a stronger response to emotional stimuli when these 
are associated with concrete content.
Tajadura-Jiménez, Larsson, Väljamäe, Västfjäll, and 
Kleiner (2010) found an emergent emotion as a result of an 
interaction between audio and vision. In a virtual big room, 
emotionally neutral sounds were more arousing and more 
unpleasant than in a virtual small room, and participants had 
a stronger feeling of an unsafe situation. They also found that 
natural (as opposed to artificial) sounds are more arousing in 
larger rooms. Remarkably, no interaction effects were found 
for negative sounds and room size on arousal.
To summarize, these studies show that multisensory stim-
ulation, especially when positive, can amplify the arousal or 
emotional response as compared with unimodal stimulation. 
Both vision and audio can be dominant in eliciting emotions 
and can influence each other depending on the context. 
Timing of multisensory stimuli is relevant for cross-modal 
interactions. Negative cues in a given modality are less likely 
to be influenced by another modality than positive or neutral 
cues, whereas the emotional response also depends on the 
ecological validity of the stimuli.
Feelings and behavioral intentions. Next to studies on arousal 
and emotions, a number of papers in marketing and con-
sumer behavior research investigated the effect of multisen-
sory information on behavioral intentions, either with or 
without looking at arousal and emotion. Several studies 
report increased positive effects on behavioral intentions and 
feelings when multisensory stimuli are congruent. Mattila 
and Wirtz (2001) looked at the effect of environmental music 
and scent in a gift shop on consumer emotion, behavior, feel-
ings, and evaluations (external assessment). They found that 
consumer satisfaction, impulse buying, and approach behav-
ior increase significantly when music and scent have congru-
ent arousal qualities (high vs. low); whereas pleasure scores 
increase only marginally. Spangenberg, Grohmann, and 
Sprott (2005) found that the presence of a Christmas scent 
next to Christmas music led to more favorable store attitudes, 
stronger intentions to visit, greater pleasure, greater arousal, 
greater dominance, and more favorable evaluation of the 
environment (link to external assessment) compared with a 
no-scent condition. However, when a Christmas scent was 
added to “other” music (unrelated to Christmas), no effect on 
pleasure, arousal, or perceived environment (link to external 
assessment) was found, and it even led to less dominance, 
less favorable store and merchandise attitudes (external 
assessment), and weaker visit intentions. In a similar study, 
Morrison, Gan, Dubelaar, and Oppewal (2011) reported a 
congruency effect between music and scent: A combination 
of high volume music and vanilla aroma (congruent stimuli 
in the sense that they both induced arousal) significantly 
enhanced pleasure levels of customers in a shopping envi-
ronment, which in turn positively affected their shopping 
behavior. However, in a study on the influence of ambient 
lavender scent and instrumental music (congruent stimuli in 
the sense that they both scored high on pleasure and low on 
arousal) on patients’ anxiety in a waiting room of a plastic 
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surgeon, Fenko and Loock (2014) found that music and scent 
separately each reduced patients’ anxiety whereas their com-
bined application had no effect. This suggests that the effects 
of stimulus congruency are context dependent.
Other papers report that congruence perceived between 
stimuli and the image of a product, store, or display affect 
consumer experience and decision making. Cottet, Plichon, 
and Lichtle (2007) found that music, scents, and colors influ-
ence feelings when the cues were congruent with the image 
of the outlet. Fiore, Yah, and Yoh (2000) reported that more 
positive effects on approach responses and pleasurable expe-
riences were found when a product display was appropriately 
fragranced (congruent setting) compared with an inappropri-
ately but pleasantly fragranced product display (incongruent 
setting), the product alone, or the product in the display with-
out an environmental fragrance. Others (Fiore et al., 2000; 
Mitchell, Kahn, & Knasko, 1995) found that congruence 
between ambient scents (chocolate/candy store like or flow-
ershop like) and target product class (chocolates or flowers) 
improved consumer decision making. They suggested that 
congruency may increase cognitive flexibility as opposed to 
incongruency of ambient scents and product class.
In addition, congruence between the emotional state of 
the observer and the environment affects the impact of the 
environment on emotions. Lin (2010) found that satisfaction 
in a bar was increased when color and music settings (either 
tranquil or dynamic) were congruent with the arousal state of 
the customer. Morrin and Chebat (2005) varied the presence 
of ambient scent and music in a shopping mall and found that 
atmospheric cues were more effective at enhancing con-
sumer response when they were congruent with an individu-
al’s affectively or cognitively oriented shopping style.
Studies on the interaction of ambient cues and social den-
sity (i.e., the number of individuals in a limited space during a 
given time period) on the response of people in closed spaces 
show mixed effects of congruency. Oakes (2003) investigated 
the effects of congruency between music tempo and social 
density on feelings of stress in an undergraduate registration 
queue context. He reported that congruous (low arousal) con-
ditions (slow-tempo music and low social density) enhanced 
feelings of relaxation in a waiting environment. Poon and 
Grohmann (2014) investigated the impact of crowd density 
and ambient scent on people’s perception of spatial density 
(i.e., the amount of objects in a limited space) and anxiety. In 
conditions of high spatial density (a condition that is known to 
induce tension; Eroglu & Harrell, 1986), they found a positive 
effect of stimulus incongruency (an ambient scent associated 
with spaciousness decreased anxiety levels compared with an 
ambient scent associated with enclosed spaces); and in condi-
tions of low spatial density, they observed a negative effect of 
stimulus congruency (an ambient scent associated with spa-
ciousness significantly increased participants’ anxiety levels, 
compared with a scent associated with physical enclosedness). 
Also, Eroglu, Machleit, and Chebat (2005) found that con-
sumer evaluations of a shopping experience were highest with 
a moderate degree of incongruency between social density and 
music tempo. Like Michon et al. (2005), they argued that the 
novelty of a moderate incongruency probably induced arousal, 
which mediated favorable evaluations (external perspective). 
A possible explanation for these findings may be found in 
Berlyne’s (1960) optimal arousal theory, which suggests that 
the relation between an individual’s level of arousal and affec-
tive state can be represented by a bell-shaped (inverted-U) 
function. Individuals usually prefer medium levels of arousal. 
Stimuli causing extreme (either too high or too low) levels of 
arousal result in negative affect. This could also explain the 
results found by Morrin and Chebat (2005) and Fenko and 
Loock (2014).
Other research focused on the relative contribution of 
environmental factors to emotional and cognitive responses 
in a specific setting. In restaurant settings, vision seems espe-
cially capable of influencing positive emotions (pleasure) 
and arousal. The ambiance (combination of audio, haptic, 
and olfaction cues) is able to influence negative emotions as 
well as positive emotions. The research also shows the medi-
ating effect of emotion on behavioral intentions. For instance, 
Ryu and Jang (2007, 2008) and Liu and Jang (2009) mea-
sured client evaluation of restaurant settings: arousal, emo-
tion, behavior intentions, and perceived value (external 
perspective). Ryu and Jang (2008) found that employees 
have the most significant effect on arousal and that facility 
aesthetics (painting, plants, color, wall décor) influence both 
arousal and pleasure. Ambiance (music, aroma, temperature) 
and layout (machinery, equipment, furniture) have a signifi-
cant influence on pleasure only. No effect of lighting or din-
ing equipment was found. In addition, the results revealed 
that pleasure and arousal had significant impact on behav-
ioral intentions, and pleasure appeared to be the more influ-
ential emotion of the two. Liu and Jang (2009) found that 
although ambiance (lighting, music, scent, temperature) has 
the greatest impact on positive emotion, it also has a signifi-
cant effect on negative emotion. Interior design (furnishing, 
paintings, table setting), spatial layout (seat space, easiness 
to move around, dining privacy), and human elements (cloth-
ing, professionalism, adequateness) only influence positive 
emotions. They found that emotions directly influence per-
ceived value (external perspective) and behavioral intentions 
(intentions to revisit). Positive emotions show a stronger 
capability in predicting perceived value of the restaurant than 
negative emotions. Interestingly, perceived value (external 
perspective) not only functions as the greatest contributor to 
behavioral intentions but also mediates the relationship 
between emotional responses and behavioral intentions.
In retail/shopping environments, vision seems the most 
important modality to elicit emotional intentions and feel-
ings, whereas the results for sound (music) are mixed and the 
effect of haptic cues differs significantly across persons and 
situations (Peck & Childers, 2003) and is only evident for 
negative effects. For instance, Liaw (2007) found that visual 
elements (interior design, visuals, color, aesthetics) and 
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employee characteristics (e.g., appearance, number, friendli-
ness, helpfulness) significantly affect emotions in store envi-
ronments, whereas music has no emotional effects. Wakefield 
and Baker (1998) found that architectural design has the 
highest contribution to feelings of excitement, whereas inte-
rior design contributes most to the desire to stay. Music and 
layout have a positive effect on both outcome measures. 
Remarkably, there is a negative influence of temperature and 
light. This indicates that people are only aware of these cues 
when they are uncomfortable.
In the evaluation of a spa, haptic environmental cues (cli-
mate and softness of fabric) have the greatest influence on 
pleasure scores, although visual elements (e.g., color, layout, 
design, cleanliness) also have a significant effect (Kang, 
Boger, Back, & Madera, 2011). The authors also found that 
audio cues have a significant direct effect on buying inten-
tion, without the intervention of emotion (arousal or plea-
sure). Olfaction cues have an effect neither on emotion nor 
on buying intention. All sensory factors were highly corre-
lated, reflecting the multisensory nature of perception.
To summarize, behavioral intentions and feelings seem 
positively affected when multisensory stimuli are congruent, 
and when stimuli and emotional state of the observer or stim-
uli and overall image of the environment (store, product) are 
congruent. However, effects of multisensory stimuli seem also 
related to the level of arousal elicited and may negatively 
impact behavioral intentions and feelings when the elicited 
arousal is either too high or too low. The optimal arousal level 
is context dependent. Incongruent stimuli are more likely to 
negatively affect behavioral intentions and affective appraisals 
(external perspective) than emotions. Emotions seem to medi-
ate higher order behavioral intentions and affective appraisals. 
Internal responses to an environment are not simply domi-
nated by either one or the other sensory modality but are rather 
context and activity (shopping, relaxing, dining) dependent.
Discussion
Our literature review of the emotional effects of multisensory 
stimulation and how interventions in the environment may 
elicit desired responses shows that evidence on multisensory 
effects is still scarce and haphazard. Evidence stems from 
marketing, laboratory, and brain research. Consequently there 
is considerable variation in the experimental conditions, 
methodologies, and measures used. This makes it hard to 
relate findings from different studies in a single perspective. 
The available studies however, generally seem to differentiate 
in an externally focused or a more internally focused assess-
ment of environments, objects, or individuals. In an effort to 
bring these together, we proposed a conceptual framework to 
describe how multisensory environmental interventions may 
affect human perception, emotion, cognition, and behavior. 
Although interesting mechanisms have been identified, and 
some promising theses can be formulated using the presented 
framework and its background, there is yet insufficient evi-
dence to validate a type of framework as postulated here. 
Consequently, the ability to formulate multisensory assump-
tions on effective interventions is yet only hypothetic. 
Relevant lessons learned and current gaps in our knowledge 
are discussed in the next sections.
Are Effects of Multisensory Stimuli Always Larger 
Than Those of Unisensory Stimuli?
As argued before, the effects of multisensory cues are not a 
result of simply adding the effects of unisensory cues (de 
Gelder & Bertelson, 2003; Gottfried & Dolan, 2004; Helbig & 
Ernst, 2008; Pourtois et al., 2005). An important question is 
which factors influence the multisensory effects. The available 
studies strongly suggest that congruency of multiple sensory 
stimuli is a very relevant factor to enhance emotional, cogni-
tive, and behavioral effects (e.g., Baumgartner, Lutz, et al., 
2006; Baumgartner, Valko, Esslen, & Jäncke, 2006; 
Belardinelli et al., 2004; Calvert & Thesen, 2004; Carles et al., 
1999; Chen et al., 2011; Cottet et al., 2007; Doehrmann & 
Naumer, 2008; Driver & Noesselt, 2008; Gottfried & Dolan, 
2004; Krishna et al., 2010; Mattila & Wirtz, 2001; O’Callaghan, 
2012; Senkowski et al., 2008; Spangenberg et al., 2005; 
Thurlings et al., 2012). From an ecological perspective, multi-
sensory congruency reduces stimulus uncertainty, which may 
explain why congruent (redundant) multisensory information 
is more quickly processed whereas incongruent (conflicting) 
multisensory information takes longer and elicits arousal 
(Gerdes et al., 2014). In general, we can conclude that congru-
ent multisensory cues strengthen each other’s effects (espe-
cially positive effects) with respect to both the internal and 
external assessment perspective, and that this effect can be 
disturbed by an incongruency, that mainly has a negative 
impact on higher order processing levels (affective appraisals 
and behavioral intentions). This incongruency can be subtle 
such as a small difference in timing, location, arousing quali-
ties (low or high arousing), gender qualities (female, mascu-
line), meaning (song unrelated to Christmas, Christmas scent), 
or even presentation mode (explicit, implicit; e.g., Krishna 
et al., 2010; Russell, 2002; Schuurink et al., 2008; Spangenberg 
et al., 2005). From a behavioral perspective, this implies that 
multisensory effects are not per se preferred over unisensory 
effects. Multisensory interventions should be applied carefully 
as an unexpected perceived incongruency or overstimulation 
(Fenko & Loock, 2014; Morrin & Chebat, 2005) may result in 
undesired effects. A side effect of incongruent sensory cues is 
that their processing may require more cognitive resources, 
potentially leading to more negative assessments but also to 
better memory.
Is the Sequence of Processing Levels Fixed, or 
Can Processing Levels Be Skipped?
Because only a few studies in our review incorporated 
responses in multiple processing levels, this question can 
currently not be answered. In the internal assessment per-
spective evidence, it was found that pleasure and arousal 
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directly influence behavioral intentions (Ryu & Jang, 2008) 
in accordance with the proposed processing sequence. 
However, cues have also been found that directly impact 
higher order behavioral intentions, without explicitly affect-
ing arousal or emotions (Kang et al., 2011; Spangenberg 
et al., 2005). This could imply that processing levels in the 
internal assessment perspective can be skipped.
It should be argued though, in accordance with Ryu and 
Jang (2007) that many studies in the field of marketing, for 
instance, pay attention to customer satisfaction or affective 
appraisals of the product or environment without taking 
emotions into account. Moreover, the prevailing way of mea-
suring emotional experiences is through self-reports (e.g. on 
Pleasure, Arousal and Dominance scales). These techniques 
require that emotional experiences are consciously reflected 
upon. However, emotional experiences can be very subtle 
(i.e., unconscious) and are, therefore, not always reported 
although they actually affect appraisal and behavior (e.g., 
DeWall et al., 2015; Miers, Blöte, Sumter, Kallen, & 
Westenberg, 2011). This may be regarded as a result of the 
limitations in methodology and measurement techniques 
used in the available studies. Thus, effects at higher process-
ing levels may have been moderated by unconscious emo-
tions, but now we simply do not know. Due to methodological 
restrictions, this mediating effect is generally not observed or 
reported and the results are only interpreted as a direct effect. 
Therefore, we plea for future research on the relation between 
multisensory stimulation and emotional and behavioral 
responses that more systematically incorporates and mea-
sures responses in different processing levels and assessment 
perspectives. Thereby, unconscious responses can be taken 
into account, for instance, through physiological (arousal 
related) assessment methods (e.g., Ellis & Simons, 2005; 
Schuurink et al., 2008). This will generate more insight in 
which processing level interventions are most effective to 
reach a desired effect.
Can Some Stimuli Reach Higher Processing Levels 
Easier?
It seems that congruent, ecologically valid and emotional 
stimuli are more likely to evoke effects on higher processing 
levels. There is an interesting difference between negative 
and positive stimuli. Negative stimuli seem to be more auto-
matically and rapidly processed than positive stimuli (de 
Gelder et al., 2005; Pourtois et al., 2005). In addition, con-
gruent negative audio–visual stimuli do not result in an 
amplified negative response, as opposed to an amplified 
positive response to congruent positive stimuli (Marin et al., 
2012). Also, Tajadura-Jiménez et al. (2010) showed that neu-
tral sounds impacted emotions differently in a large com-
pared with a small room, but such an effect was not found for 
negative sounds. This seems to imply that a single negative 
stimulus and a combination of multiple negative cues both 
evoke a similar response. This seems only true, however, if 
the negative cue is ecologically valid (Eldar et al., 2007). 
Thus, multisensory effects differ for positive and negative 
emotions in the sense that additive effects are predominantly 
found for positive emotions and dominating effects for nega-
tive emotions. This may be related to the ecological signifi-
cance of the information. The costs involved with a missed 
threat may be large, certainly compared with a false alarm. 
Therefore, a single negative signal may already result in a 
behavioral response of the organism. For positive emotions, 
this may be exactly the other way around. Here, the cost of 
responding to a false alarm (i.e., inadvertently interpreting a 
cue as positive) may be higher than that of a missed signal. 
For instance, misplaced trust in the intentions of another 
organism may lead to threatening situations. Therefore, con-
verging positive cues may be required to minimize the risk.
Furthermore, it was suggested that to influence higher 
order processes such as affective appraisal or behavioral 
intentions, stimuli should be sufficiently arousing. This is 
supported by the finding that incongruent stimuli, requiring 
more resources to process, are more likely to influence 
higher order processing (behavioral intentions and affective 
appraisal) levels only (Mattila & Wirtz, 2001; Russell, 2002; 
Schuurink et al., 2008). Interestingly, once cues are suffi-
ciently arousing to influence higher order processing levels, 
emotions seem unaffected (Michon & Chebat, 2004; Michon 
et al., 2005).
Are There Mediating Factors Between Processing 
Levels, and if So, How Do These Work?
Although we have focused on the lower order effect of mul-
tisensory intervention, the human response to an environ-
ment is a result of both lower order information (sensory 
input) and higher order information, with a central role for 
the limbic structures. This means that the human response is 
not only a function of stimulus patterns but also affected by 
personal traits, knowledge, expectations, and the initial emo-
tional state of a person (Kuhbandner et al., 2009). These fac-
tors need to be considered to determine the thresholds at 
which, respectively, internally or externally focused 
responses are evoked. This process is unique for every indi-
vidual and in every context (Turley & Milliman, 2000). But, 
the different processing levels (and how they are activated by 
certain stimuli) are generally appreciated in some kind of 
hierarchical perspective. We suggest that the different pro-
cessing levels in both assessment perspectives are to some 
extent “fluent” and highly interactive. This hypothesis can be 
supported by the underlying neurobiological processes. 
Therefore, we encourage research in laboratorial settings to 
validate this assumption and to investigate the neurobiologi-
cal mechanisms that are triggered by multisensory stimula-
tion and the individual factors that influence these 
mechanisms for each processing level.
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Are Sensory Modalities Linked to Assessment 
Perspectives or Processing Levels?
This question is difficult to answer as the majority of papers 
focused on audio–visual interventions, which makes it hard 
to infer conclusions to other sensory domains. According to 
Baumgartner, Esslen, and Jäncke (2006), vision activates a 
more cognitive mode (judgment accuracy) and, therefore, 
seems more effective to influence cognitive processing lev-
els, whereas auditory information (music) seems more effec-
tive to influence automated processes (emotional 
involvement). Also, Schifferstein and Desmet (2007), who 
assessed the contribution of the different senses in product 
evaluation (external assessment), stated that vision is mainly 
used for functional (cognitive) judgments. Blocking vision 
resulted in the largest loss of functional information, 
increased task difficulty and task duration, and fostered 
dependency. When touch was blocked, the perceived loss of 
information was smaller, and participants reported that 
familiar products felt less like their own. Blocking audition 
resulted in communication problems and a feeling of being 
cut off. Blocking olfaction mainly decreased the intenseness 
of the experience, thereby having a main role in influencing 
the affective domain.
Furthermore, olfactory cues are able to influence valence 
of affective appraisals of visual stimuli when presented in 
sequence (Demattè, Osterbauer, & Spence, 2007; Li, 
Moallem, Paller, & Gottfried, 2007) unlike audio cues 
(Marin et al., 2012). Royet et al. (2000) suggest that emo-
tionally weighted olfactory stimuli have a superior potency 
over visual and auditory stimuli in activating the amygdala (a 
brain structure dominantly involved in emotional process-
ing). Furthermore, unlike visual, auditory, and tactile stimuli, 
olfactory stimuli are directly connected to brain structures 
related to interpretation, without interferences or filtering by 
the thalamus (Kandel, Schwartz, Jessell, Siegelbaum, & 
Hudspeth, 2012). Therefore, smell has a great potential to 
influence the emotional response to other modalities, when 
presented concurrently or in sequence.
Interestingly, in the psychological assessment perspec-
tive, Michon and Chebat (2004) suggested that music plays a 
more important role in affecting consumers’ (conscious) 
emotional states and odor in affecting cognition. Perhaps, the 
influence of olfactory cues on emotion is unconscious as 
shown by Li et al. (2007) who found an effect of scent on the 
likability rating of faces only for participants lacking con-
scious awareness of the scent.
Tactile cues seem to determine specific cognitive affec-
tive appraisals of objects such as tissues and textures. 
Psychologically, tactile information in terms of climate influ-
ences emotions in spa settings. In other settings, temperature 
evokes emotions only when it reaches uncomfortable levels. 
More research is needed to investigate how the different 
modalities (consciously or unconsciously) tap into the differ-
ent processing steps and assessment perspectives.
Is There Cross-Talk Between Both Assessment 
Perspectives and if So, Where?
Although only a limited number of studies covered multi-
ple output measures from the different assessment per-
spectives, we did find evidence for cross-talk between 
them. Figure 2 shows a graphical representation of the 
observed cross-talks. We found evidence for a link between 
emotion perception and arousal. When emotional stimuli 
are processed for emotion perception purposes, arousal 
levels may automatically increase (Spreckelmeyer et al., 
2006). Arousal and emotions can in turn influence affec-
tive appraisals. For instance, especially positively experi-
enced emotions or increased arousal can positively 
influence the affective appraisal of the environment or 
object (e.g., Liu & Jang, 2009; Michon et al., 2005). 
However, evidence also shows that affective appraisals can 
be influenced without intervention of (consciously experi-
enced) arousal or emotions (Michon & Chebat, 2004; 
Schuurink et al., 2008). Finally, we found that positive 
affective appraisals (e.g., perceived value of a restaurant) 
positively influence behavioral intentions, such as inten-
tions to revisit (Liu & Jang, 2009). The same research also 
found a mediating effect of affective appraisal (perceived 
value) on the relationship between emotional responses 
and behavioral intentions.
These observed cross-talks and relations between pro-
cessing levels and assessment perspectives indicate that 
human responses are interrelated and bidirectional. We 
underline that the proposed framework is not aimed at repre-
senting the hierarchical order of processing levels, but serves 
to distinguish commonly used experimental paradigms, to 
guide research on processes involved in environment–human 
interaction, and to facilitate the search for effective interven-
tions for desired responses. We believe the conceptual frame-
work is instrumental in this respect, because it forces 
researchers to unravel these relations, and when well under-
stood, it will provide insight into effective environmental 
interventions, as these may not simply be directed to the tar-
get response level.
Figure 2. Cross-talks between assessment perspectives.
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Conclusion
Although sensory experiences in the environment can count 
on broad societal interest, empirical data describing the 
effect of multisensory input on human emotional, cognitive, 
and behavioral responses are still scarce and differ in meth-
odology. Combining the results of different multisensory 
studies however, provided the opportunity to design a gross 
outline of a multisensory response framework (Figure 1). 
This framework reflects the way diverse sensory modalities 
may influence each other’s impact on our emotional, cogni-
tive, and behavioral responses. The limited amount of evi-
dence currently available indicates the following:
•• Emotional responses to an environment are context 
dependent and not simply dominated by either one or 
the other sensory modality.
•• Congruency between multiple presented sensory 
stimuli may enhance emotional, cognitive, and behav-
ioral responses in the positive domain.
•• Incongruent multisensory stimuli especially impact 
and negatively affect higher order responses (affective 
appraisals and behavioral intentions), but may 
enhance memory.
•• An ecologically valid negative unisensory cue can 
affect emotions as strongly as a multisensory negative 
cue.
The body of literature, however, is insufficient to draw 
conclusions on effective interventions, to validate the pro-
posed framework, or to lay the foundation for a structural 
and potentially predictive multisensory emotional frame-
work. For these reasons, the proposed framework must be 
regarded as “conceptual” and instrumental for further discus-
sion and development. To make a meaningful start in this 
development, we identified gaps in our current empirical 
knowledge and proposed future research to guide the scien-
tific enterprise with regard to the emotional and behavioral 
outcomes of multisensory stimulation.
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